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ABSTARCT
Long-term forecast of climatic variables to be informed about changes as well as considering
necessary requirements to balance consequences due to climate change has been considered by
researchers and climatologists. LARS-WG is a model downscaling the outputs of GCM models.
In the present research, to generate the amount of daily rainfall, radiation, daily minimum and
maximum temperatures have been employed in four stations under present and future climatic
conditions. In the research, the capability of LARS-WG model to simulate data observed in four
stations of Ahwaz, Dezfoul, Shahr-e-Kord, and Yasouj was evaluated. After ensuring about
appropriate performance of the model, the changes of average minimum temperature, average
maximum temperature, and average rainfall during 2011-2030, compared to the base period
(1970-2000), in three scenarios of A1B, A2 and B1 in the mentioned stations have been
forecasted. The research findings revealed the high accuracy of LARS-WG model in the
mentioned parameters’ simulation. Additionally, according to the obtained results, it is
predicated that in the period of 2011-2030, the average of the minimum temperature in this basin
under the scenarios of A1B, A2 and B1 is increased 0.78°C, 0.94°C and 0.75 °C compared to the
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base period (1970-2000). Further, the average of the maximum temperature of the basin under
the scenarios of A1B, A2 and B1 is increased 0.73°C, 0.91°C and 0.72 °C compared to the base
period (1970-2000). Finally, the average rainfall in the basin under the scenarios of A1B, A2 and
B1 is increased 3.4%°C, 3.3%°C and 3.1% °C, respectively.
Keywords: data generation, climatic behavior, statistical downscaling, climate scenario,
greenhouse gases

1. INTRODUCTION
Climate is a complex system which is changing due to the increase of greenhouse gases
atmospheric concentration as a result of human activities (IPCC1). Climate change refers to
climate behaviors changes in a region compared to a behavior which is expected during a longterm period of the region’ recorded and observed information (Alizade et al., 2010). As a
consequence, we can refer to the increase in the temperature of the earth called global warming.
Rising of sea levels, changes in thermal thresholds and rainfall can be introduced as the
consequences of climate change. Change in rainfall distribution pattern and change in water
resources of a region are also considered as the results of climate change. Long-term forecast of
climate variables to be informed about the amount of changes as subsequently, considering
requirements necessary to reduce side effects due to climate change have attracted the attention
of ecological and agricultural (irrigation, farming and gardening) experts and even sociological
and economic scholars (Khalili Aghdam et al., 2012).
Evaluating the vulnerability and adoptability of this phenomenon is not possible only
though information about the recent changes but there is a need of information about the future
1
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climate conditions of each region. Various models are available in the research world that can be
used to investigate the changes in the desired variables. For instance, impacts of various land use
change scenarios (Singh and Saraswat, 2016), climate change scenarios (Kilsby & Jones, 2007),
best management practices scenarios (Leh et al, 2018), and topography change scenarios
(Bandopadhyay, 2016) has already been investigated. One of the most common methods to
evaluate future climate is to employ general circulation models. These models are the most valid
tools to investigate the effects of climate change phenomenon on various systems. These models
are capable to model climate parameters for a long-term period through confirmed scenarios of
IPCC (Dibike & Coulibaly, 2005). However, the main problem of these models pertains to their
low spatial resolution (Singh and Kumar, 2017). To solve this problem, it is necessary to
downscale the output of these models before being used in evaluative studies of climate change
effects.
To overcome the problem of low spatial resolution in general circulation models, there
are two strategies. The first one is statistical downscaling and the second one is dynamic
downscaling (Abbasi et al., 2010). Compared to dynamic methods, statistical methods need
fewer parameters. Accordingly, they have been highly considered in meteorological sciences
studies (Alizade et al., 2010). Weather data generator models are strong tools to evaluate climate
change danger and the incidence of dry periods, intense rainfalls and flood. These models are
also employed for long-term social, economic and agricultural planning and decision makings
(Johnson et al., 1996).
LARS-WG is one of stochastic meteorological data generators which are used to produce
data related to daily rainfall, daily radiation, and minimum and maximum temperature in a
station under present and future climatic conditions (Semenov et al., 1998). Other climate
Ramak et al., 2019

3

Journal of Spatial Hydrology Vol.14, No.2 Fall 2018

parameters such as wind speed and dew point temperature can be also simulated by this model
(Parlange & Katz, 2000). As a part of agricultural risks evaluation project, the primary version of
LARS-WG was presented in Hungary in 1992. The main core of this model is to use semiempirical distribution which has been frequently employed. The high accuracy of the model in
generating weather data (temperature and rainfall) pertains to 18 stations in Canada and 22
stations located in various climates of England. As reported by Babaeian and Najafi (2006), the
high accuracy of this model pertains to simulating meteorological parameters in statistical period
as well as using it to evaluate climate change in future decades.
Comparing WM model, WM2 model and LARS-WG model, Mavromatis and Hansen
(2001) revealed that LARS-WG model has generated data at a more acceptable level of
confidence (95%).
2. LITRATURE REVIEW
Ekstrom et al. (2003) performed some simulations for the maximum rainfall in England
using RCM (Regional Climate Model). In their study, they employed RCM with the name of
HADCM3 under A2 scenario for three periods of, 2010-2099, 2039-2069 and 2040-2070. Their
research findings revealed that the intensity of short-term events (one to two days) and long-term
events (five to ten days) has been increased up to 10% and 30%, respectively, in a certain return
period. Zhao et al. (2005) investigated climate variables reactions to the increase of greenhouse
gasses in South Africa. They employed the outputs of OPA, GELATO and ARPEGE models
under B2 scenario and statistical downscaling method. The obtained results indicated a decrease
in rainfall as much as 8.2% by the end of the 21th century in most parts of South Africa.
To investigate the effect of climate change on hydrology in Ireland, Steele-Dunne et al.
(2008) analyzed 9 basins through ECHAM5 model for dynamic downscaling of rainfall and
Ramak et al., 2019
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temperature data, they employed RCA3 (Rossby Center Atmosphere Model). The research
findings showed a seasonal cycle as increase in winter rainfall, decrease in summer rainfall and
increase in temperature across Ireland. Further, the results indicated that all expected changes in
average winter and summer flow average and changes in the maximum daily flow depend on the
characteristics of basin, scheduling and the amount of rainfall in each basin.
In another study conducted in the south of England, Elshamsi et al. (2005) investigated
hydrological effects of climate change using general circulation models and a small analogue
downscaling model. In this research, the way of changing monthly data into daily data by data
generation technique was analyzed. The obtained results showed that this method downs scale
daily meteorological data better than seasonal data.
Wilby et al. (2002) invented SDSM model for downscaling rainfall and temperature
information through statistical methods. They explored downscaling seasonal rainfall through
produced parameters in England. Wilks et al. (1999) also proposed a method for applying
climate change scenarios using WGEN model which is a meteorological data generation model.
This model can be employed to produce daily amounts of maximum and minimum temperature,
and daily rainfall and radiation.
McKee et al. (1995) studied the capability of CLIMGEN model to simulate
meteorological data in stations of Southern Ontario in Canada. Dubrovsky (1996) evaluated
MET & RoLL model. MET & RoLL models data pertained to the maximum and minimum
temperature, solar radiation and rainfall in a meteorological station. In the present study, to
identify and forecast climatic fluctuations of Karoon Basin, statistical downscaling method and
LARS-WG data generation model has been used. Given to the importance of Karoon Basin and
its specific agricultural, economic and environmental situation in Iran, it is highly necessary to
Ramak et al., 2019
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investigate climate changes of the basin. With respect to climate change phenomenon and its
effect on the management of the water resources in a water basin, the purpose of the present
paper is to investigate changes in climate parameters such as the minimum and maximum
temperature and rainfall in Karoon basin. In this study, observational data pertained to the
stations of Ahwaz, Dezfoul, Shahr-e-Kord, and Yasouj during 1970-2000 were analyzed. After
ensuring about the accuracy of the LARS-WG model evaluation results and its capability to
simulate meteorological data, for downscaling the data of general circulation model of
HADCM3 and simulating climatic data of 2011-2030, this model was implemented using the
scenarios of A1B, A2 and b2 confirmed by IPCC and daily amount of climate parameters were
produced. Therefore, LARS-WG model was implemented 12 times under the three mentioned
scenarios for the four considered stations. Also, daily amount of climate parameters of the
stations of Ahwaz, Dezfoul, Shahr-e-Kord, and Yasouj during 1970-2000 were forecasted.
3. METHODOLOGY
The Studied Region
Karoon basin which has been located in the south west of Iran is one of the most
important drainage basins of Iran in terms of discharge. Karoon River originates in the highest
mountain chains of Zagros and empties into the Persian Gulf. Karoon which is forked in three
main branches of Olia, Bazaft and Khersan drainages an area about 24 thousands km in Shalu
Bridge. Figure 1 shows the location of the mentioned basin.

Ramak et al., 2019
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Figure 1. The location of Karoon Basin

Data
In the present research, we have employed the data of the total daily rainfall, the
maximum and minimum temperature, and sunny hours (in daily scale) for four stations with
valid and long-term data (1970-2000). The data applied in this study have been gathered from the
Meteorological Organization of Iran. The characteristics of the studied stations have been
presented in Table 1. After qualitatively investigating and controlling the data, their normality
was also investigated. Using Run Test, the homogeneity of the data was evaluated and the
randomness of the data was confirmed at the confidence level of 95%. After ordering the data
and creating the required files, the data was prepared for the next stage.
Ramak et al., 2019
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Table 1. The geographical location of the studied stations of Karoon Basin
Row

Station

Type

Width

Length

Station

Geographical

Geographical

Height

1

Shahr-e-Kord

Synoptic

32°17`

50°51`

2048.9

2

Yasouj

Synoptic

30°41`

51°33`

1816.3

3

Dezfoul

Synoptic

32°24`

48°23`

143

4

Ahwaz

Synoptic

32°20`

48°40`

22.5

LARS-WG Model
LARS-WG model is a stochastic weather generator which can simulate weather data in a
single place under present and future climate conditions. Statistical characteristics of the
produced data are similar to the statistical period; however, their standard deviations are
diffracted relative to the difference of GCM Model data in future and past periods. Data are
created in daily time-series for a series of appropriate climate variables such as rainfall,
maximum and minimum temperatures and radiation (Mj/m2). Weather generator models have
been developed for two main purposes:
1. Providing the average of time-series of data simulated by statistical characteristics
according to the statistics monitored at a station. Long-term statistical period are
employed to apply risk management in agriculture and hydrology. These data are
provided from general circulation models based on forecast climate scenario for future
periods.
2. Providing long-term averages of time-series of meteorological parameters for the stations
with lost data or the stations in which monitoring is not possible.

Ramak et al., 2019
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Notably, weather data generators are not tools which can be used for weather forecasts.
However, they are able to produce time-series of weather data identical with monitoring period.
In this method, climate change studies in a station can be performed through simulating and
generating weather data at local scale.
To simulate the length of dry and humid periods, LARS-WG Model (Racsko et al., 1991)
uses a semi-empirical distribution with 23 intervals. For a humid day, the amount of rainfall is
determined from a semi-empirical distribution for each month and this selection is independent
from the length of the series of humid days and/or the amount of rainfall during last days. The
amounts of maximum and minimum temperature and solar radiation in dry and humid days are
selected from separated semi-empirical distributions and autocorrelation and crossed correlation
values are also computed (Semenov et al., 1998). In LARS Model, semi-empirical method and
Markov Chain are used to simulate rainfall and its probability; semi-empirical distribution is
used to simulate radiation and February Series is used to simulate temperature. The stages of
generating downscaling and generating data through LARS-WG Model are as following:
1. Gathering daily data pertained to the daily minimum and maximum temperature, total
daily rainfall and daily radiation of the studied stations during 1970-2000;
2. Forming word file based on LARS-WG format such that each variable is placed in a
column and days are ordered based on Julian date;
3. The stage of calibration model which is performed in Site Analysis section of the model.
In this section, the monitored data are analyzed.
4. The stage of model validation which is performed in Q-test section. In this stage,
statistical features of the data monitored by the model are analyzed to determine
statistical differences. In other words, in this stage, the ability of the model to simulate
Ramak et al., 2019
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data is tested. In this stage, the data produced by the model and the monitored data are
compared such that the monitored data and the generated data are analyzed using Chisquare, F-test and T-test.
5. In the stage of data generation, in case of appropriateness and significance of the
validation results, the data are analyzed based on weather series of the base period (the
monitored period) for future periods and based on the selected models and scenarios
(Semenov & Barrow, 2002).
To investigate the total capability of the model in the observed data simulation, Bias and
MAE between the simulated and observed daily data have been computed. To this end, the
following relations are used:

Bias =

1
𝑛

∑𝑛𝑖=1(𝑆𝑖 − 𝑂𝑖 )

∑𝑛𝑖=1|𝑆𝑖 − 𝑂𝑖 | 𝑀𝐴𝐸 =

1
𝑛

(1)
(2)

Where Oi and Si indicate the actual and modeled values, respectively and i indicates months of
year.
General circulation model of HADCM3 is one of Coupled Atmosphere-Ocean which has
been proposed by Hadley center for Climate Prediction Research in Britain. Atmospheric
resolution power of the model is grids with the latitude of 2.75 and the longitude of 3.75; its
oceanic resolution power has the latitude of 1.25 and the longitude of 1.25. Climate change
scenarios confirmed by IPCC include A2 (pessimistic), A1B (balanced) and B1 (optimistic).
A1B describes a world with rapid economic and population growth such that the maximum
population growth occurs in the half of the century and afterwards, the increase of the population
will be decreased. A2 scenario describes a highly heterogeneous world with a constant global
Ramak et al., 2019
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and local population increase or with economic growth axis. B1 scenario is a description of a
convergent world with rapid change in economic structures, creating clear technologies and the
lowest pollution rate (IPCC, 2007).
4. RESULTS
Evaluating LARS-WG Model in the Studied Stations
Table 2 presents the results obtained from evaluating the data simulated by the model as
well as actual data of the base period (1970-2000) for various stations. The values of
determination coefficients for all the above variables were obtained (at the interval of 0.94-0.97).
Calibration indices such as absolute error mean, error deviation mean, and the least squares mean
were also small. Given that there is no significant difference between the simulated and observed
values during 1970-2000, the capability of the model to simulate and generate climate data for
future is confirmed. Table 3 shows correlation coefficient of modeling and observational
parameters and Table 4 shows Bias and MAE of the meteorological variables of the studied
stations (the Bias range is between -0.01 and 4.11 and MAE range is between 0.07 and 6.63).

Ramak et al., 2019
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Table 2. Mean and standard deviation of the observed and modeled values of the climate variables of various
stations in the base period
Station

Parameter

Ahwaz

Maximum

Minimum

temperature

temperature

Base

Modeled

period
Mean

Base

Modeled

period

Rainfall

Base

Radiation

Modeled

period

Base

Modeled

period

32.84

32.80

17.82

17.86

243.22

266.27

6.26

6.33

1.86

0.57

1.65

0.56

18.28

17.69

3.84

0.88

32.09

32.08

15.64

15.73

419.89

465.89

6.79

6.87

1.49

0.55

1.45

0.65

27.10

25.915

2.41

0.64

20

20.16

3.39

3.5

339.49

327

7.42

7.52

2.16

0.71

1.57

0.72

21.8

20

3.11

0.72

22.34

22.29

8

7.9

865

850

8.77

8.79

1.52

0.6

1.03

0.48

54.19

41.67

0.8

0.6

Standard
deviation
Dezfoul

Mean
Standard
deviation

Shahr-e-

Mean

Kord

Standard
deviation

Yasouj

Mean
Standard
deviation
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Table 3. Correlation coefficient of modeling ad observational parameters
Correlation coefficient (R2)
Parameter

The monthly

The monthly

The monthly

The monthly

minimum

maximum

average rainfall

average sunny

Station

temperature

temperature

Shahr-e-kord

0.99

0.99

0.97

0.99

Yasouj

0.99

0.99

0.99

0.99

Dezfoul

0.99

0.99

0.95

0.99

Ahwaz

0.99

0.99

0.94

0.98

hours

Table 4. Bias and MAE of the meteorological variables of the studied stations
Parameter

The minimum

The maximum

temperature

temperature

Rainfall

Sunny hours

Station
Shahr-e0.1

0.18

0.08

0.18

-1

2.99

0.09

0.15

Yasouj

-0.03

0.11

-0.05

0.17

-1.29

4.91

0.02

0.13

Dezfoul

0.088

0.21

-0.01

0.18

4.11

1.65

0.15

0.07

Ahwaz

0.04

0.145

-0.03

0.15

1.92

3.19

0.07

0.15

kord

According to Table 4, on average, the highest error regarding rainfall pertains to Yasouj
Station with absolute error of 4.91 mm and the lowest absolute error pertains to Dezfoul Station
with absolute error of 1.65 mm. Regarding the minimum temperature, the highest absolute error
regarding rainfall pertains to Shahr-e-Kord Station with the value of 0.81 mm and the lowest
absolute error pertains to Yasouj and Ahwaz Station. Further, regarding to the maximum
temperature, the highest absolute error pertains to Ahwaz Station with the value of 0.22 and the
Ramak et al., 2019
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lowest absolute error pertains to Yasouj Station with the value of 0.17. Regarding sunny hours,
the highest absolute error pertains to Dezfoul station with the value of 2.22 and the lowest
absolute error pertains to Yasouj Station with the value of 0.13.
The Results of Future Climate Change in Various Stations of the Basin
Ahwaz Station
In Ahwaz Station, the average minimum temperature is increased under all the three
scenarios and the highest raise in temperature pertains to March and July. The average maximum
temperature is increased in all months and scenarios except than February and under A1B
scenario. The highest increase of this parameter also pertains to March and July. Regarding
rainfall in this station, under A1B scenario, there has been a decreasing trend in March, May,
June, July, October, and November; in August, there has been no trend, and in other months,
there has been an increasing trend. The highest decrease pertains to October and the highest
increase pertains to September. In A2 scenario, in April, May, June, September, and October,
there is a decreasing rainfall trend; in August, there is no trend, and in other months, there is an
increasing trend. The highest increase pertains to February and the highest decrease pertains to
April. In B1 scenario, there is a decreasing rainfall trend in April, May, June, and September; in
August, there is no trend, and in other months, there is an increasing trend.
Dezfoul Station
In Dezfoul station, the average minimum temperature has an increasing trend under all
the three scenarios and the highest increase pertains to July. Under A1B, A2 and B1 scenarios,
this increase is 1.68 ° C, 1.5 ° C and 1.36 ° C, respectively. Moreover, in this station, the average
maximum temperature is increased under all the three scenarios such that the highest increase pertains to
May. The highest increase in A1B, A2 and B1 scenarios is 1.29 ° C, 1.59 ° C and 1.29 ° C, respectively.
Ramak et al., 2019
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Regarding rainfall changes in Dezfoul station under A1B scenario, there is a decreasing
trend in January, March, July, November, and December; there is an increasing trend in April,
May, June, and October, and there is no trend I August and September. In A1B scenario, the
highest increase pertains to October as much 23.8% and the lowest amount pertains to December
as much 15%. Therefore, in A2 scenario, the highest increase pertains to October and February
as much 159% and 53.4%, respectively; the highest decrease also pertains to July and January. In
B1 scenario, the highest raise in rainfall in October is two times more than the base period and
the highest decrease pertains to July.
Shahr-e-Kord Station
In this station, the average minimum temperature is increased under all the three
scenarios and the highest increase pertains to June, July and September. Under A1B in July, A2
in September and B1 in September, this increase is 1.52 ° C, 1.31 ° C and 1.28 ° C, respectively.
Additionally, the average maximum temperature in this station is increased under all the three scenarios
such that the highest increase pertains to A1B scenario (1.26 ° C) in July, A2 scenario (1.48 ° C ) in
March and B1 scenario (1.11 ° C ) in July.

The average rainfall in this station in February, March, April, July, and November under
all the three scenarios has a decreasing trend and this trend is increasing in other months. In A1B
scenario, in addition to the mentioned months, in August, rainfall has a decreasing trend. The
highest decrease in A1B scenario pertains to July and March and in A2 and B1 scenarios pertains
to November and July. The highest increase pertains to September in which rainfall is low.

Ramak et al., 2019
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Yasouj Station
The average minimum temperature in this station has a decreasing trend only in A1B
scenario and February; its trend is increasing in other months and scenarios. The highest increase
pertains to July in A1B (1.01) and B1 (0.87). This increase in A2 scenario in November is 1.02.
The average maximum temperature in this station has a decreasing trend only in A1B scenario
and February; its trend is increasing in other months and scenarios. The highest increase under
all the three scenarios pertains to July as much 1.1, 0.93 and 0.93, respectively.
The average rainfall in this station under all the three scenarios has a decreasing trend in
January, February, April, July, and October. In addition to the mentioned months, rainfall trend
is decreasing in A1B scenario in December. In other months, this trend is increasing. The highest
increase in A1B, A2 and B1 scenarios pertains to June and September, respectively. The highest
decrease in rainfall occurs in all the three scenarios in July.
The Average Changes of the Basin
Figures 2 to 4 presents the average minimum and maximum temperatures and the average
monthly rainfall for various scenarios in the base period.

Ramak et al., 2019
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Figure 2. The comparative diagram of the minimum monthly temperature for various scenarios in the base period

Figure 3. The comparative diagram of the maximum monthly temperature for various scenarios in the base period
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Figure 4. The comparative diagram of monthly rainfall for various scenarios in the base period

5. CONCLUSION
Tables 2 to 4 show that LARS_WG Model has a high efficiency to predict climate
changes in Karoon Basin. Therefore, this model can be used to predict climate changes in Future.
Accordingly, given to implementing the model during 1011-2010, the following results have
been obtained:
1. It is predicted that the average minimum monthly temperature in this basin during 20112010, compared to the base period of 1970-2000, is increased under A1B, A2 and B1 as
much 0.78, 0.94 and 0.75, respectively.
2. It is predicted that the average maximum monthly temperature in this basin during 20112010, compared to the base period of 1970-2000, is increased under A1B, A2 and B1 as
much 0.73, 0.91 and 0.72, respectively.
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3. It is predicted that the average rainfall in the basin during 2011-2030 is decreased under
A1B scenario as much 3.4% and increased under A2 and B1 scenarios as much 3.3% and
3.1%, respectively.
Given to the predictions obtained from HADCM3 and LARS-WG models, an increase in
temperature and change in rainfall is expected during 2011-2010. These conditions may have
considerable effects on water resources such as melting snow mass and water evaporation, yields
destruction, soil erosion, increase in water demand, etc. therefore, it is necessary to manage basin
resources and decrease negative effects on climate change.
According to the aforementioned, it is suggested that future studies use the obtained
results regarding investigating the consequences of climate change on water resources, rivers
water regime, demand for irrigation water, etc. also, these results can be compared with the
results obtained from other climate models as well as other downscaling methods.
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